Background. The objective of this paper was to examine the epidemiology, natural history, and prognostic factors of carcinosarcoma of the kidney and renal pelvis (CSKP) using population-based registry. Patients and Methods. Forty-three patients with CSKP, diagnosed between January 1973 and December 2007, were identified from the national Surveillance, Epidemiology, and End Results (SEER) database and reviewed. Results. 79% of all patients with known SEER stage were classified as having regional or distant stage; almost all the patients with known histology grade had poorly or undifferentiated histology. The median cancer specific survival was 6 months (95% CI 4-9). The 1-year cancer-specific survival rate for entire cohort was 30.2%. There were no differences in terms of age at diagnosis, histological grade, tumor stage on presentation, and frequency of nephrectomy between carcinosarcoma of kidney (CSK) or renal pelvis (CSP). In multivariate analysis, age at diagnosis, tumor stage, and year of diagnosis were found to be significant predictors for cancer-specific survival. Conclusion. CSKP commonly presented as high-grade, advanced stage disease, and was associated with a poor prognosis regardless of location.
Background
Carcinosarcoma (CS) is a highly aggressive tumor composed of mixed malignant epithelial and mesenchymal components [1] . Carcinosarcoma of the kidney or renal pelvis (CSKP) is a rare malignancy of the genitourinary system. To date, fewer than 20 well-documented cases have been reported in the medical literature [2] [3] [4] [5] [6] [7] [8] [9] [10] . Most of the reported cases were carcinosarcoma of the renal pelvis (CSP) [2, [4] [5] [6] [7] [8] [9] ; only few cases were from kidney (CSK) [3, 10] .
The histogenesis of carcinosarcomas remains a matter of controversy [3, 5, 8, 11] . Two main mechanisms were suggested: the "collision" or "multiclonal" hypothesis posits that the epithelial and mesenchymal components are distinct coexisting populations with different cells of origin [3] . The alternative "monoclonal" hypothesis suggests that carcinosarcoma arises from a single multipotent stem cell that differentiates along epithelial and mesenchymal pathways [11] .
Due to the rareness of the disease, current literature on carcinosarcoma of the genitourinary system predominantly consists of a single case report and histopathological studies [2] [3] [4] [5] [6] [7] [8] [9] [10] , the demographic features and clinical behavior of these tumors remain ill-defined; in addition, the survival of CSK and CSP was never directly compared.
In this study, a comprehensive analysis was performed to examine the epidemiology, natural history, and prognostic factors of patients with CSKP, and to determine if there was any difference between CSK and CSP in term of clinical presentation and outcome.
Methods
Data Source. The national Surveillance, Epidemiology, and End Results (SEER) database currently consists of 18 statewide and regional tumor registries spread throughout the US, covering approximately 26% of the population [12] . In this study, we used the SEER data based on the November 2007 submission. Data for this study was obtained from SEER Stat public-use data files, available from National Cancer Institute. Study Population. The cases of carcinosarcoma were extracted from SEER on the basis of anatomic site (kidney 64.9, renal pelvis 65.9) and histologic type (ICD-Ocode 8980 and 8981). Patients over the age of 18 years, first diagnosed and/or treated between January 1973 and December 2007, were enrolled in this study.
Statistical Analysis.
Patients were divided into 2 groups according to location (kidney versus renal pelvis). Student's t-test and the χ 2 test were, respectively, used for comparison of means and proportions between two groups. Survival duration was measured by the Kaplan-Meier method and compared by the log rank test [13] . Cases identified at the time of autopsy or by death certificate only were excluded from the survival analyses. Multivariable Cox proportional hazards model was used to identify independent predictors of long-term cancer specific death [14] . All statistical calculations were performed by SPSS 12.0 (Apache Software Foundation 2000). Comparative differences were considered statistically significant when the P value was <0.05.
Results

Patient and Tumor Characteristics.
Forty-three patients with CSKP were identified in the SEER database during the study period, with a median age of 72 years (range 40-97).
The majority of patients (88.4%) were white. Twenty-three percent of patients in the study were classified with distant stage disease. Except one patient, all the rest of patients with known histology had high-grade disease (poorly or undifferentiated histology). Overall, 74.4% of study subjects had radical nephrectomy, and 4.7% of patients had adjuvant radiation therapy. Details regarding demographics, tumor characteristics, and treatment information are summarized in Table 1 .
Survival Analysis. For survival analyses, one patient that was diagnosed at the time of autopsy was excluded. A total of 42 patents were included in final survival analysis. The median duration of followup of the entire cohort was 5 months (range 0-146); 40 of 42 (95.2%) patients died during the follow-up period. The median cancer-specific survival was 6 months (95% CI 4-9; Figure 1(a) ). The 1-year cancer specific survival rate for entire cohort was 30.2%. There was a significant difference of cancer-specific survival between patients with localized/regional disease and distant disease (P = 0.02; Figure 1(b) ).
The median survival for CSK was 5 months (95% CI 1-9) and for CSP was 6 months (95% CI 4-8; Table 2 ). There were no significant differences in cancer-specific survival rate between CSP and CSK (P = 0.42; Figure 1(c) ). In a multivariate survival analyses by Cox proportional hazard modeling, only age at diagnosis, tumor stage and year of diagnosis were identified as independent factors associated with cancer specific survival (Table 3 ).
Discussion
Most patients in this study presented with high histological grade and advanced-stage disease at the time of presentation: 79% of all patients with known SEER stage were classified as having regional or distant stage; almost all the patients (22 out of 23) with known histology grade had poorly or undifferentiated histology. The clinical and pathological characteristics of our study subjects were consistent with previous findings that CSKP is a very aggressive tumor [2] [3] [4] [5] [6] [7] [8] [9] [10] . These findings underscore the importance of early detection and diagnosis in this disease.
Since there is no clinical trial specifically designed for CSKP, the optimal treatment strategy has not been established. Nephrectomy, radiation therapy, or chemotherapy has been used alone or in combination [3, 5] . Chen et al. reported the longest survival period, which is two years [8] . There was no survival benefit with the addition of postoperative chemotherapy, radiation, or combination [2, 5] . Consistent with single institution studies, the survival of patients in our study cohort was extremely poor. We did, however, observe a significant improvement in the outcome of patients with CSKP over time ( Table 3 ). The improved outcomes over time likely reflect the advance in surgical techniques, and the increased adoption of multidisciplinary care. Further study to understand the molecular mechanism underlining the aggressive biological behavior of CSKP and the development of new strategies and aggressive therapeutic approaches for this tumor are urgently needed. Strengths of this study include the populations-based design, with cases from a broad spectrum of hospitals. Population studies are of particular importance for analysis of rare subtype cancer such as CSKP where, to date, no single institution study has enough cases to make meaningful analysis regarding important prognostic factors.
Our findings have several limitations. First, the pathological diagnoses in SEER are based on local pathologists' reports and there is no central review of pathology reports. Unlike single-institution studies, the accuracy of staging and pathologic diagnosis within a national registry may vary widely across the institutions. Second, SEER data did not allow us to examine receipt of chemotherapy and patients' comorbidities, as well as performance status, all of which may influence survival in cancer patients. The analysis reported here attempted to overcome this data limitation by measuring cancer-specific survival, rather than overall survival. Finally, the sample size in our study may still not be large enough to fully describe the factors that affect the incidence, treatment choice, and survival of this rare malignancy.
Conclusions
In summary, CSKP is a highly malignant neoplasm, usually presented in elder males with an advanced stage at presentation and was rapidly lethal. A better understanding of the natural history of this disease and prognostic factors as provided herein are necessary to allow physicians and patients to accurately assess the risks and potential benefits of available therapy.
